Abstract The pattern recognition receptor or receptor for AGE (RAGE) is constitutionally expressed in a few cell types only. However in almost all cells studied so far it is induced by reactions known to initiate inflammation. Its biological activity seems to be mainly dependent on the presence of its various ligands, including AGE, S100-calcium binding protein/calgranulins, high-mobility group protein 1, amyloid-β-peptides and the family of β-sheet fibrils, all known to be elevated in chronic metabolic, malignant and inflammatory diseases. The RAGE pathway interacts with cytokine-, lipopolysaccharide-, oxidised LDL-and glucose-triggered cellular reactions by turning a short-lasting inflammatory response into a sustained change of cellular function driven by perpetuated activation of the proinflammatory transcription factor, nuclear factor kappa-B. RAGE-mediated persistent cell activation is of pivotal importance in various experimental and clinical settings, including diabetes and its complications, neurodegeneration, ageing, tumour growth, and autoimmune and infectious inflammatory disease. Due to RAGE's central role in maintaining perpetuated cell activation, various therapeutic attempts to block RAGE or its ligands are currently under investigation. Despite broad experimental evidence for the role of RAGE in chronic disease, knowledge of its physiological function is still missing, limiting predictions about safety of long-term inhibition of RAGE×ligand interaction in chronic diseases.
is located within the gene-dense major histocompatibility class III region on chromosome 6, which contains numerous genes involved predominantly in inflammatory and immune responses, such as TNFα (also known as TNF) and several complement components [1, 2] . Although its localisation links RAGE to genes involved in host response mechanisms and indicates a central role of RAGE in regulating immune responses and inflammation, it was originally described as a receptor for advanced glycation end-products and recognised as a cell surface receptor playing a pivotal role in diabetes and other metabolic diseases characterised by AGE accumulation [2] [3] [4] [5] . AGE are the result of non-enzymatic glycation and glycoxidation processes, and are formed on proteins, lipids and nucleic acids in a pro-oxidant environment [6, 7] . Formation is enhanced with concomitant hyperglycaemia and delayed macromolecular turnover [7] . RAGE does not promote the uptake and removal of AGE, but AGE-ligation to RAGE induces inflammation through persistent activation of the proinflammatory transcription factor, nuclear factor kappa-B (NF-κB) [8, 9] . When Rage −/− mice were generated [10] [11] [12] and studied in different pathologies, it became apparent that RAGE is involved in a number of diseases of the innate immune system and RAGE was redefined as a promiscuous pattern recognition receptor (PRR), mediating immune and inflammatory responses, promotion and progression of cancer [13, 14] , and micro-as well as macrovascular disease [2] [3] [4] [5] by binding a variety of ligands released by inflammatory, stressed and damaged cells [8, 15, 16] . Subsequently, RAGE×ligand interaction has been associated with survival of RAGE-producing cells, production of cellular reactive oxygen species (ROS), increased levels of phosphorylated extracellular signal-regulated kinase (ERK)1/2, new synthesis of p65 (also known as RelA), NF-κB activation and sustained inflammation [8, 15, 17, 18] . RAGE activation of these cellular pathways is supposed to contribute to diabetes as well as to its complications. Thus, understanding the role of RAGE in inflammation, neurodegeneration and tumour biology ( Fig. 1) , as well as the various levels of regulating, promoting and controlling RAGE-mediated cell activation ( Fig. 2) would play an important part in (1) deciphering the mechanisms that underlie the pathology of diabetes and its complications, (2) defining future therapeutic strategies and (3) explaining their potential pitfalls. In its first part, this review will therefore focus on the different levels of regulation of the RAGE pathway, while in the second part some examples for specific disease states are provided.
The multiple levels of regulation of the RAGE pathway
Regulation by ligand recognition RAGE consists of a large extracellular part, a transmembrane domain and a 43 amino acid long cytoplasmic tail. The extracellular region is composed of three Ig-like domains: one V-type domain (V) and two C-type domains (C1, C2). The V and C1 domains seem to form an integrated unit, while C2 is attached to VC1 by a flexible linker and is fully independent [19] . The latter is likely to enable the receptor to bind to a wide spectrum of ligands, explaining its involvement in many pathophysiological settings. N-glycosylation of RAGE further modulates and enhances ligand recognition in two ways. While deglycosylation seems to sensitise RAGE to bind experimental AGE-modified proteins with an extremely high degree of modification by AGE (76-89% lysine residues modified) [20] , carboxylated glycans on RAGE increase the affinity for S100-calcium binding protein (S100) and high-mobility group protein 1 (HMGB1) proteins [21, 22] . The quaternary structure of the RAGE extracellular domain, but also post-translational modifications of its primary structure, might account for the diversity of ligand recognition. It remains unknown whether differences in splice variants between humans and mice [23] might also influence ligand specificity in different diseases. Thus, the postulated promiscuity of RAGE, which would make it potentially able to bind almost damage-associated molecular patterns [24] , does not in fact exist, since post-translational modifications affect the relative specificity of a given ligand in a given situation of cellular activation.
Regulation by ligand×RAGE interaction Local and systemic inflammation induces the formation of ROS, oxidative and carbonyl stress, and glycooxidation, which in turn results in enhanced formation of AGE, advanced lipoxidation end-products (ALEs) and advanced oxidation protein products (AOPPs) [25] [26] [27] [28] [29] [30] . When proteins were modified experimentally by similar processes to extreme, high extents, they were found to bind RAGE in vitro [26] . Thus, it remains to be studied whether AGE×RAGE interaction plays a significant role in vivo. Under hyperglycaemic conditions, AGE (but also ALE and AOPP) formation is increased and facilitates cellular activation [7] , since any transient NF-κB activation by increased oxidative stress, high glucose, NEFA, oxidised LDL or other inflammatory stimuli upregulates RAGE expression [8] .
In the late 1990s, S100A12 (EN-RAGE) was recognised to be another RAGE-binding protein [31] , stimulating the field to study S100/calgranulin interaction with the receptor. So far S100A4, S100A6, S100A7, S100A8/9, S100A12, S100B and S100P have been identified to bind RAGE [32] . Ligands identified for RAGE also include RAGE is a PRR, which binds a variety of ligands actively participating in chronic inflammatory and immune responses Regulation by inducible RAGE expression The functional role of RAGE is not only controlled by the presence and modifications of its ligands, but also at the level of RAGE gene expression itself. RAGE is constitutively produced during embryonic development, while its levels are downregulated in adult life. The only exception is the lung, in which RAGE is abundant throughout life. In other cells, however, RAGE expression is low under physiological conditions. RAGE is induced by inflammatory settings, since its transcription is controlled by several proinflammatory transcription factors, including SP-1, AP-2, NF-IL6 and NF-κB [8, 15, 16, 46] . Thus, a positive autoregulatory loop evolves, in which cytokines or other proinflammatory stimuli initiate NF-κB-activation, which in turn induces RAGE expression and subsequent RAGE-mediated perpetuated NF-κB activation [8, 9] . Ligation of RAGE results in a constantly growing and renewable pool of de novo synthesised, transcriptionally active p65, thereby amplifying the host response [9] . This feed-forward loop has been demonstrated in vitro and in vivo [9, 11] (Fig. 3) Another as yet unsolved mystery is the fact that pulmonary cells constitutively express RAGE without concomitant pulmonary inflammation.
Regulation by RAGE shedding and splicing Cell activation stimulates inflammatory cells to release endogenous alarmins such as S100-proteins, HMGB1, heat shock proteins and IL1α via non-conventional secretory pathways. Binding of HMGB1 to RAGE induces RAGE shedding by A disintegrin and metalloprotease 10 (ADAM10) [49] and thus might represent one pathway for downregulating RAGEmediated cell activation. So far, however, it is not known whether ADAM10-induced shedding of cellular RAGE is instrumental in downregulating surface RAGE and limiting RAGE-mediated inflammation or whether it only generates a biomarker for RAGE-dependent cell activation. It is also not known whether binding of other RAGE ligands also results in ADAM10-mediated RAGE shedding. However, proteolytic conversion of full-length RAGE into shedded RAGE is likely to account to a large extent for the sRAGE levels determined in plasma and serum of patients. In this context, it is most important to better understand sRAGE RAGE sustains NF-κB activation through de novo synthesis of p65 (also known as RelA) mRNA and generates a constantly growing and renewable pool of transcriptionally active NF-κB that is able to neutralise negative autoregulatory loops. Thus, RAGE can function as a master-switch, converting a transient proinflammatory response into perpetuated cellular dysfunction and its physiological function, since misinterpretations have hitherto contributed to a significant confusion in the literature. Soluble RAGE, comprising the extracellular domain, but leaking from the transmembrane and cytoplasmic domain of RAGE, has been described in the plasma of men. Circulating sRAGE is either produced by receptor ectodomain shedding [49, 50] or represents splice variants of RAGE such as endogenous secreted RAGE (esRAGE) [51] . Comparison of splice variants between humans and mice revealed homologous and species-specific mechanisms for splicing of the RAGE gene, but also tissuespecific splice variant distribution and the absence of plasma sRAGE in mice [23, 52] . While diabetic mice demonstrated a significant increase in RAGE splice variants, the latter was not associated with any detectable level of sRAGE protein in murine plasma [23] . Since sRAGE can be readily detected in human plasma, this observation not only indicates important differences between human and murine RAGE [23] , but further implies that sRAGE observed in humans is, in the main, produced by shedding mechanisms [49] . Since in vitro and experimental animal models have demonstrated that exogenous sRAGE functions as a decoy by preventing ligands from interacting with cellular RAGE, it was supposed that sRAGE might counteract RAGE-mediated cell activation [53] . However, the concentration of sRAGE found in diabetic patients with renal disease is~1,200 pg/ml (<0.1 nmol/l). It seems questionable whether this is sufficient to scavenge accumulating ligands [42, 54] , in particular, since sRAGE was previously shown to bind highly CML-modified AGE albumin prepared in vitro in a saturable and dosedependent manner only at a K d of~75 nmol/l [44] . Thus, the sRAGE concentration found in patients is approximately 750-fold lower than required to efficiently keep ligands away from cellular RAGE. Furthermore, in vitro studies have shown that only a minor part (~10%) of CML is capable of binding to RAGE, making sRAGE×CML interaction unlikely to be of physiological impact. Consistently, studies addressing the association between soluble forms of RAGE and disease are contradictory with regard to negative and positive correlations. In this context, sRAGE was shown to be associated with a greater prevalence of cardiovascular disease in type 1 and type 2 diabetic individuals [55] and with increased severity of renal disease in type 2 diabetic patients [56] . Hence sRAGE is an activation marker likely to reflect increased RAGE expression and shedding. Yet in the few studies in which sRAGE and esRAGE levels were determined in parallel, only sRAGE showed a significant correlation with albu- [15] . Upregulation of RAGE provides an increasing number of binding sites for ligands and engagement of RAGE subsequently results in perpetuated NF-κB activation through de novo synthesis of p65 mRNA [9] . The increased availability of transcriptional active NF-κB neutralises inhibitor of NF-κB (IκBα)-driven negative auto-regulatory loops and perpetuates the cellular inflammatory response [9] . The mRNA insert is partly adapted from Fig. 10a in ref. [9] . d, days [15] . Experiments using in vitro produced, highly modified AGE albumin provide evidence that the cytoplasmic domain possibly interacts with diaphanous-1 and transduces the extracellular signals evoked into cellular signalling through activation the rho-GTPases RAC-1 and CDC42, reorganisation of the actin cytoskeleton, regulation of cell motility and migration [62] . Future studies, however, should show whether physiological ligand activation and/or cell-specific regulation mechanisms exist for the proposed RAGE-mediated multiple cellular signalling cascades, including RAC-1 and CDC42, NADPH-oxidase, ERK1/2(p44/p42)-, p38-and SAPK/JNK-MAP-kinases, phosphoinositol-3-kinase and the JAK/STAT pathway [8, 15, 17, 63] . A critical review of published data defining RAGE-dependent signalling pathways reveals that only a few approaches have studied those time points (e.g. >5 days) that would be most interesting for RAGE action [9] .
Regulation by protein×protein interaction Unstimulated endothelial cells are characterised by the expression of thrombomodulin (TM). The lectin domain of TM can bind HMGB1 and thereby prevent its interaction with RAGE [64] . Thus, binding of HMGB1 by TM might be a mechanism for terminating RAGE-mediated sustained inflammatory responses. In diabetes, TM production is reduced [65] , which results in loss of this counter-regulatory pathway that is dependent on protein×protein interaction. Future studies need to show whether reconstitution of TM in experimental diabetes can reduce late diabetic complications by specifically interfering with the RAGE pathway.
Regulation by cell×cell interaction The quaternary structure of RAGE further allows interaction with surface receptors integrated on to neighbouring cells, thus mediating cell×cell interaction as demonstrated for RAGE binding to the macrophage-1-glycoprotein (MAC-1; CD11b/CD18) [35] . During firm leucocyte arrest, the β 2 -integrins lymphocyte-function-associated-antigen-1 (LFA-1; αLβ ; CD11a/CD18) and MAC-1 are expressed on the leucocyte surface and interact with their endothelial counterreceptors such as intercellular adhesion molecule 1 (ICAM-1) and RAGE. Besides its role as MAC-1 ligand, RAGE-mediated NF-κB activation regulates the gene expression of ICAM-1 and VCAM-1 [12] . In a model of type 2 diabetes, Apoe −/− db/db mice displayed RAGEdependent enhanced production of VCAM-1 and tissue factor and matrix metalloproteinase-9 antigen/activity in aortic tissue, supporting a role of RAGE and its ligands in regulating leucocyte recruitment and adhesion in inflammatory processes. HMGB1-dependent mechanisms, which require the presence of neutrophil-expressed RAGE and MAC-1, further promote the recruitment of neutrophils at sites of inflammation [66] . These findings emphasise a growing role of RAGE in inflammatory processes and indicate that induction of RAGE in one cell is sufficient to induce inflammation in the neighbouring cells via ligand× RAGE interaction.
Regulation through inhibition of cellular defence mechanisms In addition, the RAGE pathway is under control of a positive feed-forward loop due to a RAGE-mediated loss of cellular defence mechanisms, thus further enhancing perpetuated cell activation. Engagement of RAGE by highly modified AGE prepared in vitro results in the suppression of reduced glutathione and ascorbic acid levels [67] . Inhibition of glutathione is critical in maintaining activity of glyoxalase-1 (Glo1), the major cellular defence enzyme in the detoxification of precursors of AGE such as methylglyoxal, glyoxal and other alpha-oxoaldehydes [68] [69] [70] . Since alpha-
The RAGE pathway is controlled at several and, at least in part, tissue-specific levels. Therefore, sRAGE plasma levels are probably insufficient to explain RAGE-mediated pathologies
Besides binding ligands actively participating in inflammatory and immune responses, RAGE is a counter-receptor for MAC-1. Thus, upregulation of RAGE in one cell is sufficient to induce inflammation in the neighbouring cells via ligand × RAGE interaction oxoaldehydes represent the largest pool of reactive intracellular AGE, glyoxalase-1 has an important role in reducing the cellular AGE load [68] . Studies in the model organism Caenorhabditis elegans (C. elegans) have confirmed that overexpression of glyoxalase-1 not only prevents AGE formation, but also protects the animals from deleterious effects of oxidant stress as evidenced by increased longevity [70] . Hyperglycaemia, methylglyoxal, AGE and other RAGE ligands significantly reduce glyoxalase-1 expression and activity in cultured fibroblasts, endothelial cells and dorsal root ganglia cells, while inhibition or deletion of RAGE restored glyoxalase-1 in these cells [8] . This implies that engagement of RAGE not only results in increased cellular activation, but also in reduction of AGE-detoxifying mechanisms (Fig. 4) . Impairment of these detoxifying mechanisms results in enhanced and perpetuated cell activation, ultimately limiting life span [70] .
The role of RAGE in various pathological settings
RAGE in innate immune responses In order to further define a potential role of RAGE in immunity and inflammation, interaction of ligands with cell surface RAGE was intercepted using recombinant sRAGE, RAGE-neutralising antibodies and/or transfection with plasmids overexpressing dominant negative RAGE. In addition, homozygous RAGE-deficient mice (Rage −/− mice) were generated [10] . Consistent with the proposed central role of RAGE in the immune response, it was demonstrated that RAGE inhibition or deletion protected mice from the lethal effects of septic shock caused by caecal ligation and puncture. Rage −/− mice further displayed reduced NF-κB activation in key target organs of septic shock, as well as a significant reduction of inflammatory cells migrating into the peritoneum [12] . In contrast, injection of exogenous AGE increased lethality and NF-κB activation in RAGE-bearing mice, but not in RAGE-deficient mice [71] , further pointing to a causal relationship between RAGE ligands, RAGE signalling, NF-κB activation and lethality in septicaemia. Rage −/− mice were also protected in colitis models [ [75] . When Pasteurella pneumotropica-mediated EAE was induced in Rage −/− mice, they developed typical EAE symptoms and no significant protection was found compared with wild-type mice [12] . In models of delayed type hypersensitivity, Rage −/− mice elicited a normal inflammatory response [12] . Unexpectedly, treatment of Rage −/− mice with sRAGE blocked the inflammatory response to the same extent as in RAGEbearing wild-type mice [12] . The finding that Rage −/− mice were capable of evoking a normal adaptive immune response contrasted with the efficacy with which sRAGE suppressed inflammation in Rage −/− and wild-type mice. The explanation is that sRAGE functions as a decoy, which prevents RAGE ligands from sequestering to other surface receptors such as the toll-like receptors 2 and 4, CD36, α7-nicotinic acetylcholine receptors and proteoglycans, all of which have been shown to bind to various RAGE ligands [8, 15, [76] [77] [78] .
Other studies, however, indicate a direct effect of RAGE on mobilisation of dendritic cells [79] and T cell migration, localisation, activation and differentiation [35, 75, 80] , whereas HMGB1 signalling through RAGE seems to be required for clonal expansion, survival and functional polarisation of naive T cells [81] RAGE in non-diabetic atherosclerosis and ischaemia Prolonged inflammation is suspected to promote arterial remodelling. Studies of human vascular tissue have shown increased endothelial RAGE expression at the mRNA and antigen level in non-diabetic patients with peripheral occlusive vascular diseases [83] . Besides, smooth muscle cells and nerves in the vessel wall showed constitutively high levels of RAGE expression that were unchanged with ageing or by the presence of vascular disease [83] . Consistent with a pathogenic role for ligand×RAGE interaction in nondiabetic atherosclerosis, sRAGE reduced atherosclerotic lesions and inflammation in normoglycaemic Apoe −/− mice without affecting plasma cholesterol and triacylglycerol levels [84] [85] [86] [87] . Wild-type mice treated with sRAGE and Rage −/− mice also showed significantly reduced neointima expansion in femoral artery denudation-induced arterial injury models, whereas protection conferred by sRAGE was more prominent than that due to RAGE deletion [40, 88] . Pathophysiologically relevant concentrations of C-reactive protein have recently been shown to impair the antioxidant defence in endothelial progenitor cells (EPC) [89] and to promote EPC sensitivity toward oxidant-mediated apoptosis and telomerase inactivation via a RAGE-dependent mechanism [90, 91] . In contrast, HMGB1×RAGE interaction can stimulate EPC migration, which is consistent with previous reports where low concentrations of exogenously administrated HMGB1 led, in a murine model of myocardial infarction, to recovery through regeneration of cardiomyocytes from resident cardiac c-KIT + progenitor cells [92] . However, in patients with ST-segment elevation myocardial infarction, elevated serum HMGB1 levels were associated with adverse clinical outcomes [93] . In line with the latter observation, a recent study comparing ischaemia/reperfusion injury of the heart in healthy wild-type and Rage −/− mice demonstrated that infarct size and severity of tissue damage was dependent on HMGB1×RAGE interaction, indicating that RAGE links necrotic cell death to sustained inflammation and tissue damage [94] . Interestingly, HMGB1/RAGEmediated myocardial injury was even more pronounced under diabetic conditions [95] . Similarly, HMGB1-RAGE signalling has been shown to contribute to ischaemic brain damage [96] . Tissue damage in RAGE-bearing mice was reduced by HMGB1 box A, an antagonist of HMGB1 interaction with RAGE [94, 96] . These data indicate that the availability of RAGE binding sites, the concentration of HMGB1 and its binding affinity for RAGE dictate whether HMGB1 has a repairing or damaging function; they also imply that situations in which high concentrations of HMGB1 can sufficiently bind to RAGE counteract the regenerating potential of HMGB1.
RAGE in late diabetic complications
The RAGE-dependent mechanisms described in the various models of immune and inflammatory cellular responses also seem to be present in diabetes [2, 15] . Induction of diabetes in RAGE-transgenic and Rage −/− mice confirmed that RAGE contributes, at least in part, to the development of macro-and microvascular complications. In diabetes-associated enhanced atherosclerosis models, RAGE overexpression in transgenic mice was associated with increased vascular injury, while RAGE deletion conferred partial vascular protection [40] . Diabetic nephropathy, characterised by renal enlargement, glomerular hypertrophy, albuminuria and mesangial expansion, was significantly increased in diabetic RAGE transgenic mice and prevented by the putative AGE inhibitor (+/−)-2-isopropylidenehydrazono-4-oxo-thiazolidin-5-ylacetanilide (OPB-9195) [97] . In contrast, Rage −/− mice were largely protected from diabetic nephropathy [98, 99] . Similar changes were observed in diabetic neuropathy. Whereas RAGE-transgenic diabetic mice showed an increase in functional deficits such as delayed motor nerve conduction velocity, Rage −/− mice were partially protected from the diabetes-induced loss of neuronal function [11, 100] . In the diabetic retina, RAGE is predominantly upregulated in glia cells [101] . While the understanding of RAGE and its role in retinal dysfunction in diabetes and/or activation of pro-inflammatory pathways is less complete than in other organ systems, increasing evidence indicates that RAGE contributes to cellular perturbations in the retina [102] [103] [104] . Remarkably, in each of these models, protection from development of the pathological features was more profound in wild-type mice treated with sRAGE than in Rage −/− mice. In diabetic neuropathy for example, diabetic Rage −/− mice were only partly protected from a loss of pain perception, while administration of sRAGE to diabetic wild-type mice completely restored pain perception [11] . These observations further suggest that ligands sequestered by sRAGE are likely to interact with cellular structures different from RAGE and restrict its role inasmuch as RAGE seems to be only one of many receptors contributing to diabetes and its complications.
Open questions and future perspectives
The results from in vitro observations and experimental rodent models provide firm evidence that RAGE and its ligands are central to the onset and progression of diabetes and its complications. In line with this, Yan et al. recently proposed a model which places RAGE at multiple points in the pathogenesis of type 1 diabetes [15] . They speculate that (auto)-immune attacks on pancreatic beta cells lead to infiltration of inflammatory cells and increased expression and secretion of S100 proteins and HMGB1 by inflammatory cells. These are likely to damage islets, which consequently results in the development of hyperglycaemia, subsequent accumulation of AGE, AGE-dependent recruitment of RAGE to target organs and finally in micro-and macrovascular complications [15] . A comparable situation is conceivable in type 2 diabetes, in which various metabolic disturbances induce inflammatory cells to secrete RAGE ligands, resulting in low-grade inflammation and increased oxidative and carbonyl stress, all of which promote AGE formation and induction of RAGE expression in the respective organs [8] . However, clinical observations do not yet convincingly support the proposed central role of RAGE in experimental diabetes and raise the question of whether studies performed in rodents, particularly in monogenetic mouse models, can be readily translated to human disease. Association studies aiming to link diabetes and its complications with sRAGE and esRAGE plasma and serum levels are far from conclusive due to over-or misinterpretation of associations and supposed correlations. Immunhistochemical characterisation of human inflammatory cells, vascular tissues, kidneys, nerves and retina has clearly demonstrated the accumulation of AGE in human diabetic tissue and its correlation with the severity of disease [6, 7] . So far, however, only a few studies have provided firm evidence of colocalisation of AGE with RAGE, its effector NF-κB and NF-κB-controlled gene expression, as recently demonstrated in human sural nerve biopsies from diabetes patients [11] . In any case, these studies can only provide evidence of association, but do not prove a cause-to-consequence relation. Therefore, multiple approaches to identify polymorphisms of the RAGE gene have been studied in relation to diabetic complications. While some polymorphisms correlate with insulin resistance and early-or late-onset of diabetic complications [105] [106] [107] [108] , none have so far pointed to the possibility that RAGE is the most important factor in the pathology of human diabetes. Although mutations deleting RAGE function may not be compatible with life and therefore not found in cohort studies, the fact that Rage −/− mice are viable and do not show an overt phenotype contradict this hypothesis or point to important differences between mice (kept in a sterile environment) and human diabetes.
Protection from late diabetic complications in wildtype mice treated with sRAGE is more pronounced than that seen in Rage -/-mice. This suggests that ligands sequestered by exogenous sRAGE also interact with other cellular receptors and that RAGE is only one of many receptors contributing to diabetes and its complications
Since RAGE ligands also bind to other receptors and might additionally act via receptor-independent mechanisms, it seems more likely that the extent of hyperglycaemia-induced cellular dysfunction and subsequent tissue damage are determined by the combination of various proinflammatory ligands, PRRs and differentially activated cellular pathways. This might be further modulated by the local distribution of the different ligands and receptors, as well as by the ligandbinding affinities for RAGE and RAGE-related receptors. This view is emphasised by the observation that in rodent models sRAGE protects more efficiently from late diabetic complications than RAGE deletion [8] . The observation that AGE are sufficient to induce neuronal damage in the model organism C. elegans (which neither possesses a known RAGE homologue, nor NF-κB) and that this damage can be ameliorated by overexpression of glyoxalase-1 further supports this notion [70] . First clinical trials using small RAGE inhibitors for short-term intervention have recently been initiated and are likely to provide some answers to these questions in the near future [15] . However, until the physiological function of RAGE has been clearly defined, it seems wise to adopt a cautious approach to future therapeutic strategies involving long-term blockade of RAGE or its ligands. Interaction of the RAGE cytoplasmic domain with diaphanous-
